This review focusses
Characteristics of the testis
The testicular parenchyma is composed of seminiferous tubules separated by interstitial tissue and enclosed within a thick capsule that has three layers. The main role of the seminiferous tubules is in spermatogenesis.
They are formed by Sertoli cells that provide structural support for the devel oping spermatogenic cells (Fig. 1) . The cyto plasm of Sertoli cells extends from the basal lamina to the lumen of the seminiferous tubule and it has an irregular contour in order to fill in the gaps between the spermatogenic cells. Sertoli cells provide the nutritional support necessary for the differentiation of immature germ cells to sper matozoa. The testis has a blood-testis barrier which has been recently proposed as the Sertoli cell barrier by Russell et al.3 . Leydig cells, locat ed in the interstitial tissue, are responsible for the secretion of male steroid hormone (testosterone). matocytes, the preleptotene forms, are also located in the basal compartment but are then moved by unknown signals into the adluminal compartment where they sequentially change into leptotene, zygotene, pachytene, and diplotene forms. The classification of primary spermatocytes is based on alterations in nuclear chromatin pattern4. After the relatively long period of spermatogenesis, the first meiotic division occurs with the formation of secondary spermatocytes. These cells have an extremely short half-life and soon undergo the second meiotic division to form haploid sper matids, which are then converted into spermatozoa through a series of complex steps of metamorpho sis. The blood-testis barrier is situated somewhere between the lumina of interstitial capillaries and the lumina of seminiferous tubules5. Several anatomically related features intervene between the two luminal spaces, including the capillary endoth elium, capillary basal lamina, lymphatic endoth elium, myoid cells, basal lamina of the seminifer ous tubule, and Sertoli cells. The barrier that impedes or denies the free exchange of chemicals/ drugs between the blood and the fluid inside the seminiferous tubules is located in one or more of these structures. The distances between structures affects transepithelial permeability and influences passage of substances. Physiological studies have demonstrated the existence of a permeability bar rier within the seminiferous tubules, which excludes protein and ions from the lumens. The morphological basis of the blood-testis barrier has been revealed by electron microscopic studies to comprise specialized tight junctions between adja cent Sertoli cells7. The presence of the blood testis barrier is easily demonstrable by the injection of acridine dyes or low molecular weight tracers into the blood or interstitial space. Another sim ple method is lanthanum immersion using electron microscopy. The barrier first develops in the immature rat between 15 and 18 days of age, before completion of the first wave of cells in meiotic prophase8.
The process of spermatogenesis is lengthy and very complex but is highly organized and precisely timed. Composed of a repetitive cycle, it can be subdivided into a number of stages. In the rat, 14 stages (I-XIV) are recognized (Fig. 2) . Each stage lasts for a fixed period of time, varying from stage to stage, and is characterized by a unique and fixed association of spermatogenic cells9. In the majority of species, the different stages can be found in numerical sequence along the length of the seminiferous tubule. However, this is not a static situation, since with the passage of time, any given stage will progress onto the next as the spermatogenic cell complement matures. Hormonal control of the testis is also very complex since it is subjected to regulation by other secretory organs, such as the pituitary and hypoth alamus (Fig. 3) (1) Antiandrogens inhibiting the action of androgens in the target organs without any effects on their production. These chemicals include cyproterone acetate.
(2) Chemicals inhibiting the synthesis of tes tosterone due to disturbance of metabolic function or steroid synthesis in Leydig cells. These chemicals include ethane-1, 2-dimethanesulfonate, spironolactone, and aminoglutethimid.
(3) Chemicals inhibiting the release of gonadotropins.
Hormones such as an drogen, estrogen, and progestogen which interfere with the release of hormones from the hypothalamus and pituitary are included in this category.
(4) Chemicals stimulating the production of prolactin.
Treatment In order to detect early stage toxic lesions associated with Cp, we performed the following experiment: adult male Sprague-Dawley rats received a repeated oral dose of Cp for 5 days. Animals were administered 100mg/kg body weight of Cp for the first 2 days and 50mg/kg body weight of Cp thereafter 3 days. On 1 and 4 days after completion of this dosing schedule, groups of 3 rats were sacrificed and their testes fixed in Bouin's fluid, sectioned and routinely stained with HE and PAS for histopathology. Necrosis of spermatogonia was observed at the day 1 time point (Fig. 4) . The changes observed were very slight in severity, but in comparison with untreated animals, a significantly increased num ber of necrotic spermatogonia could be clearly shown (Fig. 5) . At the same time a reduction in normal stage I and V spermatogonia was apparent (Fig. 6 ). Four days after the final treatment a decreased number of normal more advanced stage spermatogonia was also found (Fig. 6) . This change could therefore be seen at the earliest stage examined. At the 24 hours time point, spermatocytes showed degeneration and necrosis with a specificity obser ved for stages VIII-XIV (Fig. 7) . Thereafter, exfoliation and formation of giant cells by sper matocytes and spermatids were seen in many seminiferous tubules (Fig. 8) .
In summary, rapid effects on Sertoli cells after c. Ethane-1, 2-dimethanesulfonate (EDS) EDS is one of a series of alkane sulphonic esters with antifertility influence, but is unique within this group in that its activity in the rat results from a specific cytotoxic effect on the Leydig cells. The very rapid, selective destruction of Leydig cells in mature rats by EDS leads to a total depletion 35-38. Using EDS synthesized according to the method described by Jackson & Jackson39, and kindly provided by Dr. N. Miyata (NIHS, Div. Organic chemistry), we conducted the following experiment: adult male Sprague-Daw ley rats received a single intraperitoneal injection of 100mg/kg body weight of EDS in dimethylsul -phoxide-water.
Animals were sacrificed at 1, 3, 5, 7, 14, and 28 days after the treatment. The testes were prepared for light microscopy by 10% forma lin fixation, glycol methacrylate embedding and staining with HE and PAS.
Quantitative analyses of seminiferous tubules and Leydig cell numbers were made at each time point under the light microscope.
The sper matogenic stages were classified into four groups (round) spermatids, and Sertoli cells. Clusters of Leydig cells in 10 interstitial areas per animal were randomly selected and their numbers were count ed. Following the administration of EDS, Leydig cell degeneration and destruction were already evident after only 1 day, although cell numbers were not decreased (Fig. 9) (Figs. 9, 10 ), but the seminiferous epithelia showed no other remarkable changes. Five days after the treatment, a few pachytene spermatocytes were found to be necrotic in stage VII seminiferous tubules, but the cell numbers were not affected. Other stages appeared normal. At day 7 after the treatment, significant decreases of pachytene spermatocytes and sper matids were observed (Fig. 9) . These changes were most clearly detected for stages VII-VIII. The absence of Leydig cells still continued at day 14 after the treatment, and decrease of pachytene spermatocytes and spermatids was seen more clear ly (Fig. 11) d. Cadmium chloride Cadmiun chloride is an ubiquitous envir omental heavy metal toxicant which has been shown to be toxic in both humans and experimen tal animals. Its target sites include such organs as the testes, kidney, lung, and bone. The mam malian testes are highly susceptible to the toxic effects of cadmium chloride with dramatic reduc tion in blood flow occurring as a result of endoth elium damage.
Adult male Sprague-Dawley rats were sub cutaneously administered a single dose of 0.04 mmol/kg body weight of cadmiun chloride and killed at 6, 12, 24 hours and 2, 4, and 7 days after the exposure. Testes fixed in Bouin's fluid were examined It istopatho logically.
No clear changes were observed at 6 hours after the treatment but at 12 hour time point ex foliation of spermatogenic cells began to appear in some animals. Twenty four hours after the treat ment, localized necrosis of seminiferous epithelium and interstitial edema were observed (Fig. 12) .
The lesions were typical of infarct-type necrosis without any stage specificity, and affected and non-affected areas were mixed in individual tubule. Lesions progressively advanced with time and finally, severe tubular necrosis and interstitial inflammation were observed to involve the entire testes 7 days after the treatment (Fig. 13) . Immersion fixation in formalin followed by embedding in glycol metha crylate (GMA) allows production of sections that have much fewer artifacts. GMA can easily be adapted for automatic tissue processors. How ever, its prime disadvantages are increased expense and that it is sensitive to humidity. In addition, sectioning requires a heavier microtome than that used for cutting paraffin. Practically, most labo ratories find it easier to change fixatives that change the embedding medium. In this case, Bouin's fixative provides a reasonable alternative that is compatible with paraffin embedding and can be recommended as a first choice for improved testicular histopathology. 
